We examine the extent to which different types of substantive project contributions as well as social factors predict whether a scientist is named as author on a paper and inventor on a patent resulting from the same project. Using unique survey data from over 2000 life scientists, we find that the predictors of authorship differ from those of inventorship. A wider range of project contributions may result in authorship, and social factors appear to play a larger role in authorship decisions than in inventorship decisions. We also find evidence that project contributions and social factors interact in predicting authorship, suggesting that the two sets of factors should be considered jointly rather than seen as independent determinants of attribution. In addition to providing novel insights into the functioning of the authorship and inventorship system, our results have important implications for administrators, managers, and policy makers, as well as for innovation scholars who often rely on patents and publications as measures of scientists' performance.
Introduction
The increasing specialization of scientists, the interdisciplinary character of scientific projects, and large resource requirements have turned science into a highly social and collaborative activity (Biagioli, 2003; Katz and Martin, 1997; Laudel, 2002; Wuchty et al., 2007) . As a consequence, assessing what kind of substantive contributions listed authors and inventors have made to a project is becoming more and more difficult. Moreover, prior work suggests that authorship may not always reflect substantive contributions but may also be granted on the basis of social factors such as scientific eminence or hierarchical status in an organization (Birnholtz, 2006; Drenth, 1998; Flanagin et al., 1998; Mowatt et al., 2002; Rennie et al., 1997; Zuckerman, 1968) . Far from being isolated incidents, such "guest authorships" may be involved in over 20% of papers in top biomedical journals (Flanagin et al., 1998; Wood, 2009) . Studies also provide evidence of "ghost authorship", i.e., that individuals who have made important contributions are not included as authors (Flanagin et al., 1998; Laudel, 2002; Sismondo, 2009) . While these issues have received considerable attention with respect to publishing, recent work suggests ambiguities in the relationship between substantive contributions and attribution also in the realm of patents (Lissoni and Montobbio, 2008; McSherry, 2003; Seymore, 2006) . 1 Despite significant efforts to document and quantify misattribution in the scientific community (Ducor, 2000; Flanagin et al., 1998; Mowatt et al., 2002) , a more general understanding of the 1 The terms "guest authorship" and "ghost authorship" invariably require the choice of a standard regarding which kinds of contributions should legitimately be rewarded with authorship. While formal standards have been specified by journal editors (see below), those standards may not be shared by all members of the community. The objective of this paper is not to categorize authorship practices as legitimate versus illegitimate, but to provide empirical insights into the types of contributions and social factors that lead to authorship and inventorship. While much of the use of the terms "guest" and "ghost" in the prior literature is based on formal guidelines as implicit standard, we remain agnostic as to whether there is an ideal standard and what it should look like. Regardless of the choice of standard, however, practices that violate a given standard undermine the functioning of the authorship system, as discussed in Section 2.1. In the final section of this paper, we will discuss mechanisms that may reduce some of the ambiguity inherent in the current system. determinants of authorship and inventorship status is lacking. The key challenge in empirical work is that systematic information on the types and levels of individuals' contributions is often not available. The order of authorship provides some insights into relative contributions. However, the interpretation of authorship order is often ambiguous (Bhandari et al., 2003; Zuckerman, 1968) and it naturally is of limited use in trying to understand drivers of "ghost authorship". Second, much of the prior work has been concerned with publications and little is known regarding similarities and differences in the factors associated with authorship on publications versus inventorship on patents. It is conceivable that inventorship is defined more strictly than authorship, possibly leading to a stronger link between substantive contribution and inventorship attribution (Ducor, 2000) . Finally, while a distinction has been made between substantive contributions and social factors as predictors of attribution, little attention has been paid to potential interactions between contributions and social factors.
We address these gaps using novel survey data on over 2000 life scientists working in Germany and the UK who participated in projects that resulted in both a patent and a paper ("patent-paperpairs"). While many scientists were listed on the resulting patent as well as the paper, others were not. We relate authorship and inventorship status to scientists' types and levels of project contributions as well as to social factors. Since the publication and the patent are tied to the same project, we are able to directly contrast the determinants of authorship and inventorship controlling for the nature of the underlying research (cf. Ducor, 2000; Lissoni and Montobbio, 2008) .
Our empirical findings suggest that substantive contributions as well as social factors significantly shape attribution patterns. However, the drivers of authorship differ from those of inventorship. More specifically, inventorship reflects primarily substantive contributions in the form of idea conception, while authorship may also reflect technical contributions and the provision of data or materials. Controlling for substantive contributions, prior scientific accomplishments strongly predict authorship but not inventorship, perhaps because an eminent co-author increases the chances of publication and visibility of a paper. Hierarchical status in an organization increases the likelihood of inventorship but not of authorship. In addition to the independent effects of substantive contributions and social factors, we find that the two sets of factors interact in predicting authorship: contributions in the forms of carrying out technical steps or laboratory work are more likely to be rewarded with authorship when made by scientists with higher hierarchical status or prior scientific accomplishments.
Our insights have important implications for institutional mechanisms that rely on a close link between substantive contributions and attribution, such as the reward system of science or the patent system as a mechanism to incentivize inventive effort. Our results also have important implications for social scientists who rely on patents and publications to measure constructs such as individuals' innovative performance (e.g., Levin and Stephan, 1991; Sauermann and Cohen, 2010) , labor mobility across organizations or regions (e.g., Agarwal et al., 2009; Marx et al., 2009) , or the composition of research teams (e.g., Bikard and Murray, 2011; Singh and Fleming, 2010) .
In the following section, we briefly discuss the importance of authorship and inventorship and develop predictions regarding the influence of substantive contributions and social factors on the two types of attribution. In Section 3, we describe the data and measures. In Section 4, we discuss our main results as well as a series of auxiliary analyses and robustness checks. Section 5 provides a summary of the results as well as a discussion of implications and opportunities for future research.
Project contributions and social factors as drivers of attribution

The importance of authorship and inventorship attribution
Publications and patents are important elements of the institution of science and of national innovation systems. Their effective role in these institutions, however, depends on the degree to which authorship and inventorship attribution reflect substantive contributions to the production of new knowledge.
In the typical view of the institution of science, scientists share new knowledge in a timely manner with the community through publication. In return for their contribution, authors receive peer recognition, which in turn translates into additional benefits such as job security (tenure), higher salaries, funding for future research, or opportunities to monetize knowledge via consulting (Cole and Cole, 1967; Merton, 1973; Stephan, 2012) . The important role of publications is reflected in notions such as "publish or perish" or of publications as a "currency" in the scientific community. Publications and the resulting indirect benefits thus serve as incentives to invest effort into the generation of new knowledge. At the same time, authorship also establishes responsibility and serves as a basis for sanctions in cases of scientific misconduct. Given these important functions, a weak link between substantive contributions and authorship can undermine incentives for research (Lane, 2010; Rennie et al., 1997) as well as the community's ability to enforce its norms and quality standards (Zuckerman, 1988) .
Inventorship attribution on patents plays a similarly important role. In particular, inventors who are listed on the patent have the right to prevent others from using the invention and can typically secure a share of the financial value that might result from their work. Moreover, patents can be interpreted a sign of scientific productivity and may help the inventor to gain recognition in the professional community (Butkus, 2007; Dasgupta and David, 1987) . These potential payoffs serve as an important incentive for research (Arora et al., 2008; Scotchmer, 2006) . Flaws in the assignment of inventorship may thus directly affect the distribution of financial and nonfinancial returns and dilute incentives for future innovation. Moreover, in some countries such as the United States, patents with an inventorship defect may be invalid or unenforceable (e.g., Section 35 U.S.C. 102 (f)). 2
Project contributions
Most scientific projects are collective efforts (Wuchty et al., 2007) and typically involve a division of labor. As such, different individuals are engaged in different (combinations of) tasks, such as the conception and design of the study, lab work and data acquisition, or the writing of the manuscript (Hackett, 2005; Latour and Woolgar, 1979; Laudel, 2002) . Moreover, Latour (1987) reminds us that scientific activity is embedded in larger networks and that various external actors can also have positive (or negative) impacts 2 Two common defects are "non-joinder" (individuals who should be listed on the patent are omitted) and "misjoinder" (individuals are listed but did not conceptually contribute). For example, in one case, Dr. Ellenbogen of American Cyanamid asked doctors at the University of Colorado to conduct a study on iron absorption for two prenatal multivitamin formulations. In the process, the CU scientists discovered a reformulation that increased absorption. The patent naming Dr. Ellenbogen as sole inventor was declared non-enforceable due to a non-joinder defect (see University of Colorado Foundation v. American Cyanamid, 342 F.3d 1298 (Fed.Cir.2003 on the success of a particular research group. Which contributions to the development of a particular piece of new knowledge are rewarded with authorship may reflect both formal guidelines as well as informal norms and customs of the scientific community (Laudel, 2002) . In the biomedical sciences, the most prominent formal guidelines are the recommendations by the International Committee of Medical Journal Editors (ICMJE). According to these guidelines, "Authorship credit should be based on (1) substantial contributions to conception and design, acquisition of data, or analysis and interpretation of data; (2) drafting the article or revising it critically for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3. Acquisition of funding, collection of data, or general supervision of the research group alone does not constitute authorship." 3 Unfortunately, these guidelines are open to interpretation. Ducor's (2000) view is that the guidelines require that each author make a substantial contribution to the conception and design of a research project. Other scholars suggest that the conjunction "or" in (1) and (2) allows for a high degree of heterogeneity in the contributions of authors (Kwok, 2005; Lissoni and Montobbio, 2008) . According to the latter interpretation, a conceptual contribution is not necessarily required and other types of contributions may also justify authorship.
Regarding informal practice, rich empirical studies of laboratory life suggest that authorship can be granted for a wide range of contributions, including those that are not conceptual in nature (Hackett, 2005; Laudel, 2002) . In particularly interesting recent cases, authorship -using real names or a collective pseudonym -has been granted to non-professional "citizen scientists" who contribute to a research project primarily by collecting or coding data and typically have little understanding of the broader research project (for examples and a discussion, see Eiben et al., 2012; Lintott et al., 2009; Franzoni and Sauermann, 2012) . While some of these informal authorship practices are inconsistent with formal guidelines such as those set by the ICMJE, they may reflect the increasing division of labor in science and the shared belief that even quite focused or unconventional types of contributions can be critical to project success and deserve recognition through co-authorship.
In contrast to the relatively ambiguous formal criteria for authorship, formal definitions of inventorship are clearer and are typically codified in law. In the USA, a person should be attributed inventorship on a patent if he or she has contributed to the conception of the invention (Section 35 of U.S.C. 102 (f)). A patent with an inventorship defect is invalid or unenforceable. The European Patent Convention states that "An invention shall be considered as involving an inventive step if, having regard to the state of the art, it is not obvious to a person skilled in the art" (Art. 56 European Patent Convention EPC 2000), suggesting that inventorship status requires a creative and constructive effort. In Britain, the "inventor" is defined as "the actual deviser of the invention" ( §7-3 UK Patents Act, 1977). Thus, a conceptual contribution is generally the key requirement for inventor status. We are not aware of prior empirical work examining the relationship between inventorship status and different types of substantive contributions. However, we expect that inventor attribution is reserved primarily for significant conceptual contributions for two reasons. First, as just discussed, a conceptual contribution is quite clearly defined as a legal requirement and violating this requirement may invalidate the patent. Second, while additional co-authors on papers lead to only a relatively small reduction in recognition for existing authors 3 http://www.icmje.org/ethical 1author.html accessed June 29, 2012. (Maciejovsky et al., 2009 ), taking on "unnecessary" co-inventors comes at a considerable economic cost since a fixed amount of financial income from patents is typically shared among all listed inventors (see Harhoff and Hoisl, 2007) .
In summary, we predict that conceptual contributions to a project increase the likelihood that the individual will be listed as an author on any resulting papers and as an inventor on any resulting patents. Contributions of a non-conceptual nature, e.g., routine technical work or the provision of materials and data may increase the likelihood of inclusion as an author but should not lead to the inclusion as an inventor.
Social factors
Even though authorship and inventorship are typically thought to reflect substantive contributions to a research project, prior evidence suggests that they may also reflect social mechanisms that are relatively independent of actual contributions. In the following discussion, we will focus on two particularly salient aspects: mechanisms related to scientists' hierarchical position in an organization and mechanisms related to scientists' prior scientific accomplishments.
A first set of mechanisms may relate to the fact that some scientists -such as laboratory heads -have authority over a number of other scientists who depend on them for direction, material resources, employment, and career advancement (Hackett, 2005; Latour and Woolgar, 1979; Stephan, 2012) . Throughout this paper, we conceptualize a scientist's "hierarchical position" as the number of individuals over whom she has such authority. As such, a scientist's hierarchical position reflects a combination of her level in a formal group hierarchy and the size of the group, i.e., a given number of subordinates may result from a high level in a small organization or a lower level in a large organization. Regardless of actual project contributions, subordinates may include individuals in higher hierarchical positions as co-authors because they expect that doing so creates a good relationship with the supervisor, expresses respect and gratitude, strengthens the supervising efforts, or signals the laboratory head's approval of the content of the paper (Mainous et al., 2002; Owen-Smith, 2001; Slone, 1996; Tarnow, 1999) . Stokes and Hartley (1989) as well as Ward (1994) report that in some institutions, the senior scientist in a laboratory is always listed as a co-author on all publications, independent of his substantive contributions. While these arguments imply that junior authors may decide to "give" guest authorship to superiors, it has also been suggested that some senior scientists use their power to more or less explicitly "take" co-authorship, in what has been called "coerced" or "abusive" co-authorship (Kwok, 2005) . 4 A second set of social mechanisms may lead to the inclusion of co-authors based on their prior scientific productivity and accomplishments. First, listing a highly respected scientist on the by-line may increase the chances that an article is published, e.g., because editors are more willing to work with accomplished scientists and have a greater trust in their ability to address reviewers' concerns (Biagioli, 2003; Davidoff, 2000) . Well-known co-authors may also increase the legitimacy and visibility of a paper once published because other scientists use author names as a signal of quality when deciding which papers to read (cf. Merton, 1973; Simcoe and Waguespack, 2011) . Similarly, co-authors with experience and a proven track record can provide advantages to the extent that the success of new ideas depends not only on idea quality but also on persuasion, subjective evaluations by the scientific community, and outsiders' assessment of the expertise of the authors (Collins and Evans, 2007; Kuhn, 1962; Latour and Woolgar, 1979) . Finally, some accomplished scientists may have an interest in further increasing their publication count by appearing as "guest authors", especially if prior output reflects a strong individual-level taste for publishing and peer recognition (Stern, 2004; Sauermann and Roach, 2012) . At the same time, these social mechanisms may be limited by potential costs. In particular, "guest authors" run the risk of diluting their reputation if publications turn out to be of low quality (Cole and Cole, 1967; Owen-Smith, 2001 ). There may also be significant costs of including "guest authors" from the junior scientists' perspective if accomplished co-authors capture a particularly large share of the peer recognition due to the "Matthew effect" (Merton, 1973) . Despite these potential costs, we expect a positive net effect of a scientist's prior scientific accomplishments on authorship attribution, controlling for the focal scientist's substantive contributions.
Even though much of the discussion on the role of social factors concerns the attribution of authorship on publications, social mechanisms may also play a role in the context of inventorship on patents. For example, Seymore (2006) reports that senior scientists are often the ones who decide whose name appears on the inventor list, which might result in superiors being overrepresented. Similarly, individuals in higher hierarchical positions may be included as inventors to facilitate internal reviews and approvals of patent applications within the organization. Consistent with these arguments, a recent study by Lissoni and Montobbio (2008) finds that the seniority of an author is positively correlated with the probability that he or she is also listed on the corresponding patent in a patent-paper-pair. Since prior work does not independently observe individuals' substantive contributions, however, it remains unclear if senior scientists serve as "guest inventors" or if they make more important substantive contributions that should legitimately result in inventorship attribution.
Despite the possibility that social mechanisms play a role in inventorship, we suggest that this role is more limited than in the case of authorship. As discussed earlier, formal inventorship guidelines are more clearly (and legally) defined, and the costs of violating these guidelines are likely to be high. Moreover, it is unlikely that the above-mentioned benefits of including a senior co-author apply as strongly in the case of a senior co-inventor. For example, patent applications are reviewed not by peers but by officials at patent offices who are likely less influenced by an inventor's prior accomplishments. 5 Similarly, while well-known co-authors may increase the visibility and impact of a published paper (Merton, 1973) , the financial value of a patent depends less on its visibility in the scientific community, thus limiting the benefits that can be gained from including a well-known co-inventor.
It is important to note that mere correlations between social factors and authorship or inventorship do not necessarily imply causal effects, i.e., they do not imply that scientists in higher hierarchical positions or with significant prior accomplishments appear on patents or papers because of these factors per se. Rather, these individuals may be more able and productive than others (Simcoe and Waguespack, 2011) and may be more likely to appear on a paper or patent because they have made important substantive contributions. In particular, senior scientists often provide the initial conceptual idea for a project while junior scientists carry out much of the laboratory work and data analysis (Hackett, 2005; Latour and Woolgar, 1979; Seymore, 2006) . The empirical challenge is to properly account for differences in the nature of contributions when assessing the influence of various social factors on authorship and inventorship.
Interactions between substantive contributions and social factors
Substantive contributions and social factors are typically considered as independent (and competing) influences. We suggest that these two sets of factors may also interact in determining attribution. With respect to authorship, we conjecture that contributing a certain amount of time or effort to a project is more likely to result in authorship for a scientist with a high hierarchical position. Our rationale is that, if junior scientists desire to include superiors for reasons as those discussed above, then even a relatively small contribution by the senior scientists may provide a sufficient justification. Similarly, if it is the superior who seeks to become a co-author, a relatively small level of contribution may provide sufficient grounds to do so (Kwok, 2005) . In contrast, the same level of substantive contribution by a junior scientist will increase her chances of authorship less. A similar logic may apply to scientific accomplishment, i.e., a given level of substantive contribution may have a stronger effect if made by a highly accomplished scientist.
Our predictions regarding interaction effects are less clear in the case of patents. As argued above, the main effects of social factors are likely to be more muted because the criteria for inventorship are more clearly defined. Some ambiguity remains, however, and we conjecture that extending "guest inventorship" to individuals in a higher hierarchical position may have certain benefits. In that case, even small levels of substantive contributions may provide a justification to do so, again suggesting a positive interaction between hierarchical position and (conceptual) contribution. In contrast, we predicted no significant benefits of including scientists with prior scientific accomplishments as inventors and we also do not expect an interaction between prior accomplishments and substantive contributions in predicting inventorship. Fig. 1 summarizes our predictions.
Data and measures
Sample and identification of patent-paper-pairs
Our empirical analysis draws on survey data from German and British life scientists. We identified potential respondents in two ways. We invited these scientists in 2007 to participate in an online survey, contacting them using email addresses provided on the publications and postal addresses from the patent application documents. We sent two follow-up reminders to non-respondents asking for their participation. Before fielding the survey, we pre-tested the instrument with scientists in both Germany and the UK who were part of our target population but are not included in the final sample. A total of 2169 scientists identified through PubMed and 2452 identified through the European Patent Database responded. This translates into a response rate of 13% of publishing scientists and 20% of inventors. The search categories used for identifying scientists in the two databases were quite broad, however, and discussion with experts and a telephone survey of a random sample of non-respondents revealed that about 30% of authors and about 25% of the inventors captured in the original sample were not actually involved in life science research. Thus, these individuals were ineligible for the survey, which was explicitly addressed to life scientists. Adjusting for the percentage of people who were not involved in the life sciences, the resulting response rate was 17% for contacts extracted from publications and 26% for contacts extracted from patents. To assess potential non-response bias, we tested whether the answers to our key variables differ significantly between early respondents and late respondents (i.e., the first 10% versus the last 10% of respondents) (Armstrong and Overton, 1977; Rogelberg and Stanton, 2007) . We find no significant differences between the subsamples with respect to the variables used in this study, mitigating concerns about non-response bias.
Since we are interested in directly comparing the predictors of authorship and inventorship, we rely on "patent-paper-pairs" as an empirical tool. Patent-paper-pairs are patents and papers that result from the same project, i.e., the knowledge resulting from the project is "inscribed in both a patent and a paper" (Murray, 2002 (Murray, , p. 1389 . Given that the paper and the patent resulted from the same project, project characteristics as well as the contributions of individual scientists are essentially the same across the two types of output. Moreover, since both forms of output exist by definition, differences in project-level productivity, chances of success, or costs of disclosure should not affect comparisons of authorship and inventorship. Due to these desirable properties, patent-paper-pairs have been used in prior work on scientific attribution. For example, Ducor (2000) performed a manual search of patent and publication databases and identified 40 patent-paper-pairs related to specific genetic or amino acid sequences. Using these data, he showed that the authors on the papers do not always match the inventors on the corresponding patents, providing first evidence that different processes may drive authorship and inventorship. Lissoni and Montobbio (2008) used text-mining techniques to match publications to patents of Italian academic inventors and again show differences in the names appearing on patents versus the names that appear on the associated papers.
Prior work has identified patent-paper-pairs primarily using co-word analysis of publication and patent records (Ducor, 2000; Lissoni and Montobbio, 2008; Murray and Stern, 2007) . This approach essentially identifies patents and papers that are very similar in content and are thus likely to have resulted from the same project. Our survey approach allowed us to identify patent-paperpairs in a more direct way. We asked respondents "If you think about your past projects, has there been a project which resulted in both a patent filed and an article in a peer-reviewed scientific journal?". Forty-eight percent of the respondents stated that they had been involved in such a project, resulting in a sample of 2191 scientists for our main analysis. Thus, patent-paper-pairs were a rather common phenomenon in our sample, consistent with the notion that the life sciences are characterized by an overlap between basic and applied research, and by a frequent use of multiple disclosure mechanisms (Gans et al., 2010; Sauermann and Stephan, 2012; Stokes, 1997; Vallas and Kleinman, 2008) . At the same time, it has to be kept in mind that we explicitly sampled individuals who were active publishers or active patentees. While our results should apply to research active scientists, especially those who are involved in projects that result in patent-paper-pairs, we are cautious in generalizing our results beyond these boundaries. A key advantage of our survey data over the bibliometric data commonly used in prior work is that they include measures of different types of project contributions and of social factors that are difficult to obtain from patent and publication records.
Measures
Table 1 provides summary statistics for key variables. 6
Authorship and inventorship
We asked respondents with a patent-paper-pair if they were named as author on the publication and as inventor on the patent resulting from the focal research project. 7 Ninety-five percent of the scientists are listed as author on the paper (authorship=1) and ninety-two percent are listed as inventor on the patent (inventorship = 1). Eighty-nine percent of the scientists were listed on both the patent and the paper. While the higher rate of authorship is consistent with our expectation, the rate of inventorship is quite similar to that of authorship in an absolute sense, perhaps reflecting that respondents tended to focus on patent-paper-pair projects where they personally were listed on both the patent and the paper, rather than those projects where they were listed on just one of the resulting outputs. To the extent that this mechanism operated, our sample may understate the incidence of cases where individuals have made significant contributions but are not listed on the resulting output. Thus, we limit our examination of "ghost" authorship and inventorship to an auxiliary analysis (Section 4.2). Our main analysis focuses on the factors that lead scientists to be listed as authors or inventors, including potential cases of "guest" authorship and inventorship.
Project contributions
We asked respondents to indicate the level of their project contributions along three distinct dimensions, using rating scales ranging from 1 (disagree strongly) to 5 (agree strongly). More specifically, we asked "Thinking of your contribution to the project, to what extent do you agree or disagree with the following statements?", followed by three types of contributions: the variable conception/idea measures the extent to which the respondents agree to "I contributed the inventive idea for the project" and shows a mean of 3.81. The variable laboratory work measures the extent to which the respondents agreed to "I carried out all important technical steps of the project (e.g., I did most of the laboratory work)" (mean 3.16). Finally, the variable material/data measures the extent to which the respondents agreed to "I contributed important material/data" (mean 4.10). While the third type of contribution may involve the collection of data through laboratory work, our pre-tests suggest that respondents also thought about additional research inputs such as biological materials or external databases. 8 Table 2 shows that the measures of project contributions are only moderately correlated; the correlation between laboratory work and material/data is 0.43, and the correlations between conception/idea and the other two types of contributions are below 0.1. These relatively low correlations signal discriminant validity; as intended, our measures of project contributions seem to capture different dimensions of project contribution rather than reflecting some overall level of contribution or common methods bias (cf. Pedhazur and Schmelkin, 1991; Podsakoff et al., 2003) . In addition, these correlations suggest that some scientists tend to make primarily conceptual contributions, while others tend to make contributions in the form of both material/data and laboratory work. We will examine predictors of the type of contribution in auxiliary analyses.
A potential concern with self-reports of project contributions is that individuals may overestimate their importance in teams (Johnson and Orbach, 2002; Van den Steen, 2004) . Such a bias should play a limited role for contributions that are relatively discrete and "observable", such as laboratory work or the provision of materials. However, it may be more problematic for contributions that require a subjective evaluation. Thus, overall levels of reported contributions should be interpreted with caution. As long as such reporting biases are shared among respondents and not systematically related to other key dependent or independent variables, they should not affect our correlational results. Moreover, we find that the measures of contributions have very different effects on the outcomes of interest, suggesting that a common reporting bias is unlikely the driver of our results. Finally, we will report below auxiliary analyses using an independent data set on project contributions to replicate key relationships observed in our data, 8 A potential concern is that our three measures of project contributions do not capture all possible types of contributions. In particular, senior researchers may play an important role in acquiring grants and other resources (Schafer and Graham, 2002) . While we have no measure of such contributions to a particular project, respondents indicated in a different question what percentage of their work hours they spend on acquiring funding and grants. As a robustness check, we included this variable both in its original form (as a percentage) and as a dummy indicating whether a respondent spent more than 10% of her time (the mean) on this activity. Neither measure has a significant effect on authorship or inventorship and including this measure has no noticeable effect on our core results. Table 2 Correlations. providing further evidence of the validity of our contribution measures. Despite their limitations, our measures of contributions provide important complementary insights to other approaches. In particular, a common alternative approach relies on the order of authorship to identify individuals' types and levels of contributions (e.g., Lissoni and Montobbio, 2008) . This approach is based on certain assumptions regarding the order of authorship, e.g., that the first author is the junior scientist who has made the greatest contribution to the project, whereas the last author is the head of the research team who supervised the project. The validity of these assumptions is debated in the literature (Bhandari et al., 2003; Zuckerman, 1968) . More importantly, the drawback of that approach is that authorship order is likely to simultaneously reflect social factors and project contributions and may thus provide little insight into their relative role.
Social factors
We measure hierarchical position using respondents' answer to the following question: "How many full time employees are you currently responsible for, or rather how many employees currently report directly to you?". The variable hierarchical position equals one if no employee is directly reporting to the respondent, two if 1-3 employees report, three if 4-7 employees report, four if 8-15 employees report and five if more than 15 employees report. As noted earlier, our conceptualization of hierarchical position may reflect both the hierarchical level in an organization as well as the size of the organization/research group. While we are unable to separate these two aspects, it is their joint influence with which we are primarily concerned.
We use respondents' number of peer-reviewed publications as our proxy for scientific accomplishment, obtained in response to the survey question "To date, how many scientific articles in peerreviewed journals have you published?". Note that this measure captures primarily the quantity of output and does not provide direct insights into the quality of publications or the degree to which a respondents' research is recognized in the broader scientific community. However, prior work suggests a strong positive relationship between the quantity of output and peer recognition (Cole and Cole, 1967; Merton, 1973) as well as between the number of publications and the number of high impact contributions (Simonton, 2003) . In auxiliary analyses below (Section 4.2), we also draw on additional citation data available for a subset of our respondents to examine potential differences in the effects of the quantity versus quality dimensions of scientific accomplishment (Cole and Cole, 1967; Costas and Bordons, 2008) .
The average scientist in our sample has 47 publications, with a median of 25. Given the considerable skew of publication output, we use the natural log in our empirical analysis. 9 Table 2 shows that scientific accomplishment and hierarchical position are correlated positively (r = 0.34, p < 0.01), consistent with the idea that scientific accomplishment is an important predictor of career advancement. However, scientific accomplishment does not guarantee a higher hierarchical position, especially in the life sciences where labor markets are characterized by a large supply of qualified scientists (Stephan, 2012; Vallas and Kleinman, 2008) . We interpret the medium (rather than high) correlation between hierarchical position and scientific accomplishment as evidence of discriminant validity, i.e., that the two measures capture distinct constructs and can be examined as separate predictors of attribution.
Control variables
We include additional variables to control for characteristics of the research project, of scientists, and of their employing organizations.
Team size indicates the number of researchers involved in the focal research project. We conjecture that the contributions an individual makes to a project may decrease with the size of the team, potentially reducing the likelihood of authorship and inventorship. The average team size is 6.19. Since this measure is skewed, we use the natural log in our regressions.
We include the variable %foreign lab members to control for the possibility that attribution patterns depend on the composition of the research team in terms of nationality. The average respondent worked in a team with 20% foreign members.
To control for potentially different roles of patents and publications across institutional environments (Haeussler and Colyvas, 2011) , we asked respondents how important they thought patents and publications are to gain reputation among their peers. Both measures (reputation from patents and reputation from publications, respectively) are measured on 5-scales ranging from 1 (not important) to 5 (extremely important). On average, publications are rated as more important (3.58) than patents (2.58). Not surprisingly, the importance of publications is rated significantly higher in academia, while the importance of patents is rated significantly higher in industry (Table 2) . We expect that individuals for whom patents and publications are more important are more likely to insist on inventorship/authorship and are thus more likely to be listed as inventors or authors.
We include the variable age in order to control for possible age effects. The average age is 46 years.
Male is an indicator variable equal to one if the respondent is male. Eighty-five percent of our respondents are male.
Firm is an indicator variable that is equal to one if the scientist is full time employed in a firm and equal to zero if the scientist is full time employed at a university or a non-university public research organization (e.g., Max Planck in Germany, Wellcome Trust in the UK). We include this variable to account for the possibility that firm scientists are generally more likely to appear on a patent than academics, but less likely to appear on publications (Ducor, 2000; Rennie et al., 1997; Sauermann and Stephan, 2012) . In our sample, 47% of respondents work in industry. We report regressions separately for industry and academia as an auxiliary analysis; given that we find few differences across sectors, our main analysis features regressions using the pooled sample.
Finally, UK is an indicator variable that is equal to one if the scientist is employed in the UK (18%) and equal to zero if the scientist is employed in Germany (82%). This variable captures any existing systematic differences across countries, including potentially different roles of patents and publications in the scientific system. Table 3 provides the results for the determinants of authorship and inventorship. We estimate these regressions using a bivariate probit model because our two dependent variables are observed for the same individuals and the error terms may be correlated across equations (Wooldridge, 2001) .
Multivariate analysis
Main analysis
Model 1 regresses authorship and inventorship on control variables and the three types of project contribution. Conceptual contributions are strongly linked to both authorship and inventorship; we observe no significant relationship between laboratory work or materials/data and attribution. Model 2 includes the controls as well as social factors. Hierarchical position has a significant positive effect on inventorship but not on authorship. In contrast, scientific accomplishment has a positive effect on authorship but not inventorship. 10 As discussed earlier, positive coefficients of hierarchical position and scientific accomplishment may reflect "guest" attributions due to social mechanisms, but they may also reflect that these individuals make more important substantive contributions to the focal project. In an attempt to separate the two mechanisms, model 3 additionally includes the measures of contributions. We observe that the positive effect of hierarchical position on inventorship is reduced once we include contributions, suggesting that some of this relationship is due to the fact that scientists in a higher hierarchical position (e.g., lab leaders) are more likely to make a strong conceptual contribution. However, controlling for contributions does not noticeably change the effect of scientific accomplishment on authorship. 11 Model 3 also shows 10 When hierarchical position and scientific accomplishment are entered separately, both are significant and positive in the authorship and inventorship regressions. 11 The positive relationship between scientific accomplishment and authorship does not simply reflect a scientist's higher ability or productivity as common that contributions in the form of material/data have a positive effect on authorship once social factors are included in the regression. Finally, we suggested that substantive contributions and social factors may interact in predicting authorship and, to a smaller extent, inventorship. To examine this possibility, we include in model 4 the interactions between these sets of variables. 12 Two significant interaction terms emerge in the authorship regression. underlying cause. First, our dependent variable indicates whether a scientist is included on a paper in an existing patent-paper-pair, i.e., all focal projects resulted in successful publication and our analysis does not consider variation in project output as such. Second, model 3 controls for substantive contributions, i.e., differences in the ability (or effort) to contribute to the project are controlled for. 12 We mean-centered the component measures such that the main effects can be interpreted as the effects of a focal variable for a scientist with the average score on the other variable involved in the interaction (Jaccard et al., 1990) . For example, the significant coefficient of 0.154 on laboratory work in the authorship regression (model 4) suggests that contributions in the form of laboratory work have a positive effect on the likelihood of authorship for individuals with average hierarchical status and average scientific accomplishment. Since estimated interaction effects in nonlinear models may be misleading, we verified our results using linear probability models. More specifically, the results indicate that the impact of laboratory work on authorship is stronger for scientists in higher hierarchical positions and for individuals with higher scientific accomplishments. These positive interactions are in line with our conceptual discussion suggesting that even small substantive contributions may provide sufficient justification to gain authorship when made by scientists with high social status but less so for scientists with low social status. In contrast, neither hierarchical position nor scientific accomplishments moderate the effects of project contributions on inventorship.
Before we turn to auxiliary analyses to provide further insights, we briefly comment on some control variables. First, older scientists are less likely to appear as co-authors once we control for hierarchical position and scientific accomplishment. 13 A potential interpretation is that older scientists have a shorter career horizon and are therefore less eager to appear on the publication than scientists at the beginning of their careers (cf. Levin and Stephan, 1991) . Older scientists might even cede authorship to younger scientist whose careers are more open and less secure -an effect called "noblesse oblige" (Zuckerman, 1968) . However, due to the crosssectional nature of our data, we cannot disentangle age effects from potential cohort effects, e.g., older scientists may have been socialized into different norms regarding authorship than their younger colleagues (Wuchty et al., 2007) . Second, firm scientists are more likely to be listed as co-inventors, even controlling for social factors and project contributions. While firm scientists are also less 13 We tested for the presence of nonlinearities by including age squared but did not find a significant effect.
likely to be listed on the paper, that effect disappears once we control for social factors. We report separate regressions for industrial and academic scientists below as an auxiliary analysis. Lastly, we find no authorship or inventorship differences between scientists working in the UK versus Germany, or between female and male scientists. 14
Auxiliary analyses and robustness checks
Since our main analysis focuses on authorship and inventorship as dependent variables, it provides only limited insights into "ghost" authorship or inventorship, i.e., cases where scientists are not included on the by-line even though they have made important contributions. To explore this issue, we coded two new dummy variables indicating whether a scientist was omitted from the list of authors (om-author = 1) and from the list of inventors (ominventor = 1), conditional upon having made a strong or very strong conceptual contribution (conception/idea score of 4 or 5). Table 4 shows the results of bivariate probit regressions using the smaller sample of scientists who have made strong conceptual contributions and using the indicators of omission as dependent variables.
14 The error terms of the authorship and inventorship equations have a positive correlation (estimate of rho in Table 3 ). Thus, controlling for the variables included in our various models, scientists who are more likely to be listed as authors are also more likely to be listed as inventors. While we cannot further explore which characteristics of scientists lead them to be more likely to appear on both types of output, the absence of a negative correlation provides no evidence of trade-offs in the sense that scientists who want to appear as authors do not like to appear as inventors, or that team-members systematically "trade" inventorship against authorship. We find that individuals with higher prior scientific accomplishment are less likely to be omitted from publications. Thus, it appears that prior accomplishment increases authorship attribution not only because it may result in "guest authorships" but also because it reduces "ghost authorships". Hierarchical position has a small negative effect on omission from patents but this effect becomes insignificant once we control for contributions. Interestingly, the degree to which patents matter for reputation among peers (reputation from patents) is negatively related to omission from inventorship. Thus, it appears that scientists who have made significant contributions and for whom patenting is important insist more strongly on inventorship to avoid becoming "ghost inventors". In a second set of auxiliary regressions, we examine how project contributions are related to social factors. Towards that end, we now regress the three contribution measures on hierarchical position and scientific accomplishment as well as on control variables (Table 5) . Consistent with our expectation, we find that scientists in higher hierarchical positions are more likely to make significant conceptual contributions, but less likely to make strong contributions in the form of laboratory work or by providing data or materials. Prior scientific accomplishment is positively associated with conceptual contributions and negatively associated with laboratory work but has no relationship with contributions in the form of materials or data. In conjunction with our main results, these results support the notion that hierarchical position is associated with inventorship partly because higher-status individuals tend to make stronger conceptual contributions, i.e., conceptual contributions mediate the relationship between hierarchical position and attribution (cf. Baron and Kenny, 1986) . In contrast, while scientific accomplishment also predicts stronger conceptual contributions, this fact does not explain why highly accomplished scientists are more likely to be included as co-authors on papers (the coefficient of scientific accomplishment changed little once contributions were included in the main regressions in Table 3 ).
The results in Table 5 also speak to a large literature on the impact of age on scientific productivity (Jones and Weinberg, 2011; Lehman, 1953; Stephan and Levin, 1992) . One common notion in that literature is that age is systematically related to scientific productivity because scientists' ability to make particular contributions changes over the life cycle. For example, Weinberg and Galenson (2005) distinguish between abstract/deductive contributions and inductive/empirical contributions and argue that the latter require a greater amount of experience, giving older scientists an advantage in empirical work. Jones (2009) suggests that major contributions require foundational knowledge and that older and more experienced scientists may be better equipped to make important contributions, especially in mature fields with a large stock of accumulated knowledge. Finally, Simonton (2003) develops a theory of creativity as constrained stochastic behavior, arguing that the likelihood that an idea is successful does not change over the life cycle. However, older scientists may be able to create a larger number of ideas, therefore also increasing the number of successes. While our results do not speak to publication productivity, the results in Table 5 provide unique insights into the particular types of contributions made by older and more experienced scientists to a given project, thus speaking to some of the mechanisms hypothesized in prior work. By showing that senior scientists are much less likely to conduct empirical work and more likely to make conceptual contributions, our results suggest that experience may provide more of an advantage for conceptual work than for empirical contributions, perhaps because formulating research ideas and hypotheses requires intimate knowledge of the body of prior work or of the way in which the field evaluates scientific contributions (Merton, 1973) . Alternatively, it may be that age provides more of a (relative) disadvantage in empirical work, perhaps because methodological knowledge depreciates faster, providing junior scientists who acquire the newest methods a comparative advantage over older colleagues (Jones and Weinberg, 2011; Levin and Stephan, 1991) . In a more general sense, our study suggests two potentially important nuances. First, rather than being either conceptual or empirical in nature, most studies require both conceptual and empirical contributions, at least in fields such as the life sciences. Second and related to the prior point, many projects involve more than the focal individual, raising the opportunity to divide project tasks among multiple collaborators. As such, future work on age effects may fruitfully study the relationships between age and collaboration as well as the division of labor.
In a third set of analyses, we explore whether drivers of authorship and inventorship attribution differ between scientists working in industry and those working in academia. Some authors suggest that industrial and academic science share key features, including the important role of publications as a signal of research performance (Stern, 2004; Stuart and Liu, 2010) . At the same time, it has been argued that the "logics" of industrial and academic science differ with respect to factors such as the organization of research labs and the division of labor, the role of patents, or the importance of publications as a measure of individuals' performance (Blume, 1974; Fini and Lacetera, 2010) . In Table 6 , we split the sample and estimate key regressions using industrial and academic scientists separately. Most of our key results hold in both sectors, including the positive relationship between conceptual contributions and both types of attribution, the positive relationships between scientific accomplishment and authorship, and that between hierarchical position and inventorship. 15 One notable difference is that contributions in the form of material are associated with authorship in industry but not in academia. One possible interpretation is that firm scientists subscribe more strongly to norms of exchange, thus expecting authorship in return for the provision of data or materials. Consistent with this idea, Von Hippel (1987) and Schrader (1991) observed that engineers who shared information informally expected some form of reciprocation from the other party. Similarly, Haeussler (2011) compares information sharing among academic and industry-based scientists and finds that expected reciprocity is a more important driver of information sharing among industrial scientists. We also find that age has a negative effect on authorship and a positive effect on inventorship in academia, but no effects in industry. This difference may reflect that career incentives to appear on publications versus patents change over time for those employed in academia (cf. Jensen and Pham, 2011; Levin and Stephan, 1991) , but remain relatively constant over time for those in industry. Of course, our cross-sectional analysis does not allow us to separate age effects from potential cohort effects. Overall, we find only minor differences in the drivers of authorship and inventorship across sectors, consistent with arguments that industrial and academic science are more similar than often thought (Sauermann and Stephan, 2012) , and that the two sectors may "converge", especially in the life sciences (Murray, 2010; Vallas and Kleinman, 2008) .
In a fourth set of analyses, we draw on citation data to more clearly distinguish the quantitative versus qualitative dimension of scientific accomplishment. First, we obtained from ISI Web of Science the total citation counts for the respondents in our sample. A common problem with publication matching is that the search by author name results in an overcount of output for authors with common names (cf. Trajtenberg et al., 2006) . To mitigate this problem, we excluded respondents with the 200 most common names, reducing the sample to 892 cases. We then computed a measure of publication quality by dividing total citation counts by the total number of publications (scientific accomplishment -quality). Table 7 shows key regressions using this quality measure in addition to the previously used measure of publication counts. The results show that the quantity of publications continues to have a positive coefficient, while the measure of publication quality does not have a significant effect. We also included an interaction between quantity and quality but find no significant effect. Thus, the quality of publications does not appear to be related to authorship or inventorship. One possible interpretation is that senior authors with high quality publications may be less likely to accept invitations to serve as guest author out of a concern about the dilution of their quality in the eyes of the scientific community. In contrast, authors focusing on producing a high quantity of output ("mass producers" in the terminology of Cole and Cole (1967) ) may more readily accept (or seek) guest authorship. 16 While this interpretation is intriguing, these results should be considered highly preliminary since the sample size is significantly reduced compared to our featured analysis and some name matching ambiguities are likely to remain. However, the results suggest the potential value of future work using separate indicators of quality and quantity. 17 In a final set of analyses, we address the concern that our survey measures of contributions may be affected by reporting biases. 18 While we do not have independent assessments of contributions for our sample, we can compare basic patterns of contributions in our primary data set with patterns observed in a second data set. For that purpose, we collected data from PLoS Biology, one of the leading peer reviewed journals in the life sciences. PLoS Biology requires that all articles detail the particular (sets of) contributions made by each author. The journal pre-defines the five categories "conceived and designed the experiments", "performed the experiments", "analyzed the data", "contributed reagents/materials/analysis tools", and "wrote the paper". While contributions are still reported by the authors, these reports should be less affected by biases than survey measures because they are official written statements and because they are likely to reflect an agreed-upon assessment of contributions by the full team of authors. We sampled 100 papers from the 2008 issue as well as 100 papers from the 2010 issue and coded the contributions made, author position, as well as the total number of authors on the article. The median paper had 7 authors (1 first, 5 middle, 1 last). Using these data, we make two important observations. First, we find that 92% of last authors are listed as having conceived and designed the experiment, compared to only 33% of middle authors and 90% of first authors. On the other hand, last authors were much less likely to have performed the experiment (25% versus 59% for middle authors and 98% for first authors). Assuming that last authors tend to be scientists with higher hierarchical position (Bhandari et al., 2003; Kwok, 2005; Shulkin et al., 1993) , the results are consistent with our findings regarding project contributions reported in Table 5 , i.e., that senior scientists indicate higher involvement in idea generation and less involvement in laboratory work. As such, this finding mitigates the concern that the observed strong relationship between social factors and conceptual contributions in our data is simply due to senior scientists' overestimating their conceptual contributions. Second, we find that 52% of all PLoS authors are listed as having "conceived and designed the experiments", suggesting that 48% of authors did not make a conceptual contribution. Of the latter group, 62% had performed the experiment, 44% had analyzed the data, 34% had contributed reagents/materials/analysis tools, and 14% had written the paper. This result is consistent with 16 This observation raises the possibility that prior scientific accomplishment may already reflect some of the very processes we investigate here. As such, while we interpret prior publication output as scientific accomplishment in a positive sense, it may also partly reflect individual-level unobserved factors driving authorship such as a general tendency to "push" oneself onto publications. Unfortunately, our data do not allow us to examine this possibility.
17 A recent trend towards using the H-index illustrates the scientific community's recognition that both quality and quantity aspects should be considered (Hirsch, 2005) . While the H-index parsimoniously captures a researcher's accomplishments in a single number, treating the quality and quantity dimensions separately provides more detailed insights for the purpose of our study. 18 We thank an anonymous reviewer for suggesting this analysis.
our finding that authorship is strongly predicted by conceptual contributions but may also result from contributions in the form of laboratory work or materials/data (Table 3) . Overall, the analysis of PLoS data reinforces our main findings and points to interesting opportunities for future research combining survey data with bibliometric data. In addition to providing insights regarding the contributions of individuals listed as authors, PLoS publications also provide insights into contributions of individuals who are not listed as authors. In particular, most papers include a section that acknowledges the help of other individuals and often details what specific type of help was provided (see also Laudel, 2002; Oettl, 2012) . While a systematic analysis of these contributions is beyond the scope of this paper, we found that acknowledged contributions span a broad range, including, for example, the critical reading of manuscripts, providing materials or data, or helping with specialized research equipment. As observed in our main analysis, some of these contributions are also sometimes rewarded with authorship, raising the question as to what level of a contribution is typically (or should be) considered the "cutoff" for authorship versus less visible acknowledgement. Our analysis of interactions between contributions and social factors (column 4 in Table 3 ) suggest that these cutoffs may not be universal but also depend on characteristics of the contributing individual. Unfortunately, our primary data do not include information on acknowledgements, while the PLoS data do not include information on the levels of contributions made by authors vs. individuals who are acknowledged. Future research using data sources with both sets of information could fruitfully examine the role of authorship versus acknowledgements as alternative reward mechanisms, tying them to different types and levels of contributions as well as social factors.
Discussion and conclusion
A growing body of work has documented misconnects between substantive contributions and authorship attribution, as reflected in the terms "guest" and "ghost" authorship. Despite the increasing attention to these issues in the scientific community, large scale studies of the drivers of attribution are rare. We complement the existing literature in several ways. First, while much of the prior work has focused on authorship, we directly contrast the predictors of authorship on papers and of inventorship on patents. Second, our survey data allow us to measure various dimensions of project contributions and to separate such contributions from social factors such as scientists' hierarchical position or scientific accomplishments. As such, our approach improves upon prior work that has used proxies of project contributions such as the order of authorship on published papers. Finally, our detailed measures of contributions and social factors allow us to examine not only the main effects of these two sets of factors, but also potential interactions.
Our findings provide several insights. First, both authorship and inventorship are strongly predicted by contributions of a conceptual nature, in line with common authorship guidelines and legal definitions of inventorship. However, authorship is also related to contributions made in the form of technical/laboratory work and the provision of materials and data. Second, we find that prior scientific accomplishment strongly predicts authorship, even controlling for the nature of a scientist's contributions. This result is consistent with the notion that junior scientists may include accomplished colleagues to build social relationships or to increase the visibility of a paper. While the hierarchical position a scientist holds within an organization does not predict authorship, it does predict inventorship. The latter relationship is to some extent explained by the fact that individuals in higher positions are more likely to make conceptual contributions. Third, we find interactions between project contributions and social factors; more specifically, contributions in the form of laboratory work are more likely to be rewarded with authorship when made by accomplished scientists or by those in higher hierarchical positions.
Taken together, our results suggest that authorship on publications reflects a heterogeneous set of factors including conceptual contributions but also other types of substantive contributions as well as social factors. Inventorship, on the other hand, is more clearly related to conceptual contributions, and social factors appear to play a more limited role.
These results have several implications. First, users of patent and publication measures (whether peers, administrators, managers, or social scientists) need to be aware of the various factors that may drive authorship and inventorship and should take those influences into account when interpreting and evaluating patent and publication output. In particular, studies using patents and publications as measures of scientific performance need to consider that the same type of output (e.g., a publication) may reflect very different types and levels of contributions on the part of individual co-authors. While a publication may reflect creative performance for one coauthor, it may reflect laboratory work for another. To the extent that social status leads to "guest authorship", studies using publications as performance measure may also systematically over-estimate the performance of accomplished scientists. Indeed, our findings of a strong relationship between prior accomplishments and authorship, even controlling for substantive contributions, suggest that accomplished scientists may benefit not only from a "Matthew effect" in the sense that they get disproportional credit once they appear as co-authors on a paper (Merton, 1973) , but also in the sense that they are more likely to be named as co-authors in the first place. Patent and publication measures have also been used as proxies for constructs other than performance. For example, an increasing number of studies rely on co-authorship and coinventorship patterns as measures of social networks or of the composition of research teams (Meyer and Bhattacharya, 2004; Singh and Fleming, 2010) . In the presence of "guests" and "ghosts", such measures may be noisy indicators of the individuals who actually contributed to a project. More importantly, our results suggest that the resulting measurement error may be systematically related to factors such as social status, which may lead to biases if such factors (or their correlates) are of substantive interest to a study.
While some of our results could be interpreted as reflecting undesirable deviations from formal standards (implicit in the use of the terms "guest" and "ghost"), they could also be interpreted as evidence that the current formal guidelines are limited in their ability to accommodate the complex nature of collaborative research and the division of labor between project participants. Either way, misconnects between guidelines and scientific practice create ambiguities regarding the interpretation of authorship and inventorship. A promising approach towards improving the current system is the idea of "contributorship". Rennie et al. (1997, p. 583) propose to use the term "contributor" rather than "author", where a contributor is a person who "has added usefully to the work". Publications should also clearly identify the actual work that was done by each of the contributors. In addition to providing credit for specific contributions, this system would provide information about individuals' responsibility for particular tasks, which may help in fighting scientific misconduct and fraud (Deichmann and MullerHill, 1998; Lacetera and Zirulia, 2011) . While some journals such as Nature, the Proceedings of the National Academy of Sciences, and PLoS Biology have moved in this direction, many journals -especially outside of the biomedical sciences -still rely on traditional attribution practices.
Several limitations of our study have to be kept in mind. First, following prior research on attribution (Ducor, 2000; Lissoni and Montobbio, 2008), we used patent-paper-pairs as a tool that allowed us to directly contrast predictors of authorship and inventorship in the life sciences. It is not clear, however, to what extent our findings generalize to projects that do not result in both patents and papers. Moreover, it is not clear if our findings generalize to other fields, which may be characterized by a different organization of research as well as different authorship and inventorship practices (Cronin, 2005; Stokes and Hartley, 1989; Wuchty et al., 2007) . We expect that general mechanisms hold across fields, but future work is needed to validate our results in other contexts. Indeed, future research could examine whether differences across fields with respect to factors such as average team size or the basic versus applied nature of research moderate the effects observed in this study. Second, our measures of project contribution were reported by the respondents themselves and may suffer from a tendency to overestimate one's own contribution. We do not expect any such biases to systematically affect our correlational analyses and we showed in an auxiliary analysis that alternative measures of contributions from an independent data set support our general findings. A related limitation is that we only observed a limited set of contributions and are unable to assess the role of other types of contributions that may also be seen by some scientists as legitimate reasons for authorship or inventorship. Finally, while more detailed than often-used bibliometric measures, our measures provide limited insights into the specific mechanisms that link social factors to authorship and inventorship decisions. In particular, our conceptual discussion raised constructs such as recognition and visibility in the scientific community as potential mediators between scientific accomplishment and attribution, but a lack of measures prevented us from more clearly examining these mediating mechanisms. Similarly, future research is needed to examine the degree to which the positive relationship between social factors and attribution reflects that junior scientists voluntarily include senior scientists to gain various types of benefits versus senior scientists actively "pushing" to be included on patents or papers.
Despite these limitations, our results provide novel insights into the functioning of the current authorship and inventorship system. As such, they may be useful for scientists themselves, as well as for administrators, policy makers, and social scientists who rely on patent and publication measures for a variety of purposes. Our findings may also be of use in efforts to improve the system for the benefit of all parties involved.
